INTRODUCTION
Transverse ridges are an enigmatic feature of the Earth's mid-ocean spreading centers. They are relatively narrow zones of extreme uphft, with peaks ranging between 1 and 8 km above the seafloor, flanking many oceanic transform faults (Figures 1 a and 1 b) . Rocks along these ridges may be as transverse ridges rise in some instances to sea level, this mechanism is probably not adequate to explain the formation of the ridges.
Based on the frequent exposure of serpentinized peridotite, which has a relatively low density compared with basalt, gabbro, or mantle, a number of authors have suggested that ongoing serpentinization of the mantle due to percolation of seawater down faults in the transform fault region would produce vertical uplift from both volume expansion and buoyancy caused by the reduction in density from hydration of mantle rock [Bonatti, 1978; Macdonald et al., 1986; Dick et al., 1990] . While this mechanism may account for the small median tectonic ridge along the floor of the central transform valley, it cannot account for the relief of the transverse ridges, the existence of the central transform valley, and the fact that the ridges consistently fl•nk the transform fault and the central transform valley.
Furthermore, both this mechanism and that of viscous head loss suggest that the ridges are isostatically supported. However, examination of the gravity field over transverse ridges at the Kane, Romanche, and Verna fracture zones in the Atlantic and the Atlantis II Fracture Zone in the Indian Ocean [Cochran, 1973; Robb and Kan½, 1975 When deformation is finite, as it is along transform faults, it is necessary when treating viscoelasticity to consider finite relative strain, which is a nonlinear function of the displacement gradients [Malvern, 1969] High molecular weight (or high viscosity) CMC at these concentrations is highly viscoelastic, which can be witnessed by its recoil after stirring. However, the long polymers that provide CMC with elasticity also cause its viscosity to be non-Newtonian shear thinning (because of the ahgnment of polymers in shear flow) over a certain regime of stress-strain However, there are several caveats and drawbacks to our model that are worth enumerating. First, we must reiterate that the viscosities required for the viscoelastic mechanism to be significant may lead to excessive shear stress beneath the fault zone. Furthermore, the viscoelastic effect will be diminished if the high strain rates of the transform fault reduce the effective viscosity of ductile lithosphere benea.th the fault through pseudo-plasticity or intense shear heating. Second, the theoretical model is two dimensional, inherently symmetric about the transform fault, and time independent. Across-fault asymmetries and tnonotonic along-strike variations in the transverse ridges may be accounted for by changes in elastic plate thickness due to age variations and offsets. H•:.vever, the model presently cannot predict the often three-dimensional structure of the ridges, e.g., undulations along the ridge crests. Even so, it tnay be possible to explain these three-dimensional features by considering that the viscoelastic effect is very sensitive to the width of the transform shear zone and the viscoslty of ductile hthosphere in the vicinity of the transform fault (although, if the ductile lithosphere is pseudo-plastic or softened from shear heating, these two quantities are not necessarily independent). Any event which broadens the zone of transform shear, or lowers the effective viscosity of the mantle beneath the transform fault, may inhibit formation of a transverse ridge. The width of the shear zone may be very sensitive to the state of stress existing across a transform fault which can vary radically with transient changes in spreading direction from compressive to tensile. Furthermore, at slow-spreading ridges mantle flow beneath the ridge axis is believed to be highly nonuniform with mantle upwelling believed concentrated at regularly spaced points along the ridge axis [Whitehead et al., 1984] . This should be accompanied by significant lateral variations in mantle temperature beneath the ridge axis. In the case where a center of mantle upwelling is situated close to a ridge transform intersection, this nfight sufficiently lower the effective viscosity to elinfinate the viscoelastic effect and inhibit the formation of a transverse ridge for long periods of time.
These simple models also do not account for the vertical viscosity structure of the lithophere and especially the asthenosphere where viscosity is low enough to possibly eliminate viscoelastic effects. However, the velocity and stress fields beneath the transforxn fault decay away within a depth approximately equal to the dominant horizontal wavelength of these fields (see (6a)) which is the typical width of the transform fault, between 1 and 10 kin. Thus the important viscoelastic stresses are probably generated within a narrow region in the lower lithosphere.
Transverse ridges also do not occur at all transform faults: they are generally most pronounced at slow spreading centers. While this is contrary to our hypothesis that viscodastic effects can cause transverse ridges (because De should theoretically be larger at a faster spreading ridge and thus cause greater viscoelastic stresses), fast spreading ridges have hotter, thinner lithospheres, effectively reducing the region in which viscoelastic deformation may occur. Furthermore, because of higher strain rates at fast spreading ridges, viscous flow will not predonfinate over brittle failure until considerably lower viscosities, nearer to the asthenosphere; thus the region where viscoelastic effects can occur may be confined to a much narrower region than for slower spreading ridges, and possibly eli•ninated altogether.
Nonlinear viscoelasticity does not obviate previous models of transverse ridges. We simply offer this effect as a possible explanation for an enigmatic phenomenon. Whether or not viscoelastic stresses are the cause of transverse ridges is perha. ps a minor point; that they can cause the ridges is an important indication that a heretofore unexplored dynamic mechanism may be at play at narrow plate boundaries. Because of their high strain rates, large tr (due to the high viscosity of the lithosphere), and finite deformation, narrow plate boundaries (not just. transform faults) are good candidates for maintaining nonlinear viscoelastic phenomena.
